In the present study the chemical composition of the essential oils from aerial parts and roots of Anthemis mixta L. and A. tomentosa L. was evaluated by GC and GC-MS, and their antibacterial activity tested against ten bacterial species. Hexadecanoic acid (15.2%) was recognized as the main constituent of A. mixta, together with τ-cadinol (6.7%), while in both aerial parts and roots of A. tomentosa nonacosane (21.9% and 20.7%), heptacosane (8.1% and 6.0%), hexadecanoic acid (8.1% and 27.1%) and hexahydrofarnesylacetone (6.8% and 5.5%) prevailed. The oils from aerial parts of both species showed a good activity against Gram-positive bacteria. These results suggest that the plants could be potentially used in food manufacture and cosmetology as preservative agents or in medicine as new antibiotics.
The genus Anthemis L., tribe Anthemideae, subtribe Anthemidinae, is the second largest genus of the Asteraceae family and comprises about 210 species, mainly distributed in western Eurasia, the Mediterranean, and eastern Africa. About 62 species are reported for the European flora [1, 2] . Anthemis species are used as herbal tea and for food flavouring and the flowers and aerial parts have welldocumented use as antiseptic and healing herbs in folk medicine [1, 2] . Extracts, tinctures, tisanes (teas), and salves are widely used as anti-inflammatory, antibacterial, antispasmodic, and sedative agents. Extracts are used to allay pain and irritation, clean wounds and ulcers, and aid prevention as well as therapy for irradiated skin injuries, treatment of cystitis and dental afflictions [3] . Dried flowers of many Anthemis species are used as a replacement for German chamomile and as stimulant, emmenagogue, and carminative infusions [3] . These properties render essential oils from Anthemis ssp. flowers very useful for pharmaceuticals, and food additives, as well as important sources in food, aromatic and cosmetic industries [4, 5] .
Although Anthemis species have been widely studied as regards the isolation of different metabolites, particularly sesquiterpene lactones [6] , their essential oil composition is known only for a limited number of taxa [5] . So, as a continuation of our studies on this interesting genus [7] here we describe the chemical composition and antibacterial activity of essential oils from aerial parts and roots of two species collected in the Mediterranean area, Anthemis mixta L. and A. tomentosa L. Such information is valuable as plant extracts and essential oils containing high biological activities can prove beneficial for maintenance of optimal health and may increase the demand of these bioactive substances by the food, cosmetic and pharmaceutical industries.
Hydrodistillation of A. mixta aerial parts (AmA) and roots (AmR) gave two pale yellow oils. Overall, 66 compounds were identified (56 in AmA and 16 in AmR), representing 90.6% and 90.3% of the total components, respectively. The components are listed in Table  1 according to their retention indices on a HP 5MS column and are classified on the basis of their chemical structures into 10 classes. The two oils presented a different composition and the identity of the most dominant components differed notably. Hexadecanoic acid (15.2%) was recognized as the main constituent of AmA, together with santolina alcohol (11.7%), τ-cadinol (6.7%), spathulenol (6.5%), caryophyllene oxide (3.8%), artemisia alcohol (3.8%), τ-muurolol (3.0%), hexahydrofarnesylacetone (2.7%), mintketone (2.5%), (E)-nerolidol (2.1%), and α-cadinol (2.1%), whereas in AmR the most abundant components were hexadecanoic acid (52.0%), 1,2-benzenedicarboxylic acid bis(2-methylpropyl) ester (12.3%), tetradecanoic acid (4.8%), dodecanoic acid (4.2%), hexahydrofarnesylacetone (3.0%), and hexadecanoic acid methyl ester (2.2%). Generally, AmA consisted mainly of oxygenated sesquiterpenes (32.7%) and fatty acids and esters (23.9%), while AmR was composed almost entirely of acids and esters (78.7%). Monoterpenes, represented especially by irregular monoterpenes (16.5%) and oxygenated monoterpenes (5.9%), contributed 23% for AmA and were absent from AmR. Irregular monoterpenes, santolina alcohol (11.7%), artemisia alcohol (3.8%) and yomogi alcohol (1.0%), were present only in AmA. The occurrence of the irregular monoterpenes, such as cis-chrysanthenyl acetate, artemisyl acetate and yomogi alcohol is a common feature of the tribe Anthemideae [8] . Santolina alcohol is also reported in A. cotula L. from Greece [3] and artemisia alcohol in A. altissima L. grown in Iran [9] . Generally, a significant amount of irregular monoterpenoids was found in A. xylopoda, A. montana, A. carpatica, A. melampodina and A. altissima var. altissima [5] . Hydrodistillation of A. tomentosa aerial parts (AtA) and roots (AtR) gave two pale yellow oils. Overall, 40 compounds were identified (34 in AtA and 16 in AtR), representing 91.1% and 92.1% of the total components, respectively. The main components of the oil of both aerial parts (AtA) and roots (AtR) of A. tomentosa were nonacosane (21.9% and 20.7%), heptacosane (8.1% and 6.0%), hexadecanoic acid (8.1% and 27.1%), hexahydrofarnesylacetone (6.8% and 5.5%), and pentacosane (4.5% and 3.0%). The AtA consisted of hydrocarbons (42.1%), phenolic compounds (10.4%), carbonylic compounds (8.3%), oxygenated sesquiterpenes (7.5%), and sesquiterpene hydrocarbons (7.2%). In addition, the aerial parts of A. tomentosa contain a good amount of isoeugenol (5.2%) and 4-vinylguaiacol (3.6%), which were not present in the roots. A. tomentosa roots are instead rich in fatty acids and esters (49.7%), and hydrocarbons (34.2%), which were not so abundant in A. mixta aerial parts and roots.
The oils from A. tomentosa collected in two different localities of Greece have been previously investigated [3] . They were both rich in terpenoids, but their composition differed notably.
The oils from Chamaemelum mixtum (syn. Anthemis mixta) collected in different localities of Corsica and Sardinia [10] and Morocco [11] were also studied. The chemical variability between the oils reported in the papers can be explained by environmental factors.
Because Anthemis species are widely used for alimentary purposes and in traditional medicine, the in vitro antibacterial activity was evaluated of the essential oils of , and Salmonella typhi Ty2 (ATCC 19430) by determining the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) using the broth method, as previously described [12] . Both oils appeared to be not active against Gram-negative bacteria (MICs >100 mg/mL), whereas the oils extracted from the aerial parts showed antibacterial activity against the Gram-positive bacteria tested. In particular, B. cereus and S. faecalis were slightly sensitive to the action of AtA (MIC = 100 mg/mL), whereas the oil exerted an appreciable activity against B. subtilis (MIC = 50 mg/mL) and S. epidermidis (MIC = 25 mg/mL). As regards AmA, it was particularly active against S. aureus and S. faecalis (MIC = 25 mg/mL), while it was slightly sensitive to the action of B. cereus (MIC = 50 mg/mL) and B. subtilis (MIC = 100 mg/mL).
Only in a few cases the antibacterial activity of essential oils from Anthemis species has been studied [7, 10, 11, [13] [14] [15] . Generally, the oils studied are more effective against Gram-positive bacteria than Gram-negative ones; these findings are in accordance with our results.
Volatile oils as food preservatives may have great potential use; if they are added to foodstuffs they would cause no loss of organoleptic properties, would retard microbial contamination, and, therefore, reduce the onset of spoilage. In addition, only small quantities would be required for this effect.
Experimental
Plant material: A. mixta aerial parts (AmA) and roots (AmR) were collected at full flowering stage at Lami, Lipari, Sicily, in August 2011. A. tomentosa aerial parts (AtA) and roots (AtR) were collected at full flowering stage at Petralona, 5 km north of Skiathos, Greece, in August 2011.
Isolation of the essential oil:
For the isolation of the essential oils, the air-dried samples (lots of 25 g) were ground in a Waring blender and then subjected to hydrodistillation for 3 h using n-hexane as a solvent, according to the standard procedure previously described [8] . The oils were dried over anhydrous sodium sulfate and stored under N 2 at +4°C in the dark until tested and analyzed. The hydrodistillation yielded 0.08% (AmA), 0.03% (AmR), 0.1% (AtA) and 0.03% (AtR), respectively, of yellowish oils.
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Gas chromatography-mass spectrometry:
Analytical gas chromatography and gas chromatography-mass spectrometry analysis were carried out under the experimental conditions reported earlier [16] .
Most constituents were identified by GC by comparison of their retention indices (LRI) with either those of the literature [17] [18] [19] or with those of authentic compounds available in our laboratories. The linear retention indices were determined in relation to a homologous series of n-alkanes (C 8 -C 28 ) under the same operating conditions. Further identification was achieved by comparison of their MS on both columns, either with those stored in NIST 02 and Wiley 275 libraries or with MS from the literature [18, 19] and our home-made library.
